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RESEARCH MEMORANDUM

COMBUSTION-CHAMBER PERFORMANCE CHARACTERISTICS OF A PYTHON
TURBINE-PROPELLER ENGINE INVESTIGATED IR
ALTTTUDE WIND TUNNEL

By Carl E. Campbell

SUMMARY

Combustion-chamber performance of a Python turbine-propeller engine

- with four tail-pipe configurations was determined in the NACA Lewls alti-

tude wind tunnel over & range of similaeted altitudes from 10,000 to
40,000 feet and engine speeds from 6800 to 8000 rpm. Fuel flow was
varied at each engine speed to glve full coverage of the operable engine
range.

Over the range of test conditions investigated, the combustion
efficiency varied from spproximately 0.85 to 0.99. Combustion efficiency
decreased slightly with increased altitude and lincreased fuel-air ratio
but was not affected noticeably by changes in engine speed and exhaust-
nozzle-outlet area. The combustion-chanmber total-pressure-loss ratio
varied from approximately 0.037 in the medium and high range of corrected
shaft horsepowers to about 0.043 at low corrected shaft horsepower. The
value of combustion-chamber total-pressure-loss ratio increased slightly
wilth increased altitude at low corrected shaft horsepower, but was not
affected noticeably by changes in engine speed and exhaust-nozzle-outlet
area. The combustion-chamber total-pressure loss divided by the inlet
impact pressure lincreased uniformly with increasing combustion-chamber
tempersture ratio from & minimum value of 1.7 to a maximum of 2.4, At
& glven value of combustion-chamber temperature ratio, changes in altitude,
engine speed, and exhaust-nozzle-outlet ares had little if any effect on
the combustion-chamber total-pressure loss divided.by the inlet ilmpact
pressure.

INTRODUCTION

An investigatlon to evaluate The performance characteristics of a
Python turbine-propeller engine was conducted in the NACA Lewis lsborastory
altitude wind tunnel. As part of this investigation, data were obtained
to evaluate the performance of the veporizing type combustion chamber
operating as an integral part of the engine. Data were obtained for four
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tall-plpe conflgurations at altitudes from 10,000 to 40,000 feet at a

cowl-inlet ram pressure ratlo of gbout 1.025. The engline was operated
at speeds from 6800 to 8000 rpm and the fuel flow was changed to glve

varlous powers at each engine speed.

Combustion efficlency and pressure-loss characteristics are pre-~
sented as functions of corrected shaft horsepower to show the effects
of engine speed, altitude, and tail-pipe configuration on performance.
Combustlon efficlency is also shown as a function of fuel-air ratio, and
the pressure-loss characteristics are shown as a function of the tempera-
ture ratio acrose the combustion chamber. All combustion-chamber per-
formance data are also presented in tebular form.

INSTALLATION AND INSTRUMENTATION

Engline

The engine was mounted in a wing segment which extended across the
20~foot diameter test section of the sltitude wind tunnel (fig. 1). The
production englne has a nominal statlc sea-~level rating of 3670 shaft
horsepower and 1150 pounds of Jjet thrust at an engine speed of 8000 rpm
and a tail-pipe gas temperature of 590° C (1554° R).

A cross section of the engine is presented in figure 2. On the
forward end of the compressor is mounted a two-stage planetary reduction
gear through which the engine drives itwo four-blade, contrarotating pro-
pellers. The main components of the engine include a l4-stage axial-flow
compressor, 11 combustion chambers of the vaporizing type, a two-stage
turbine, and a fixed~-area exhaust nozzle. In passing through the engine,
the air flow is turned through an angle of 180° before entering the
compressor and ageln after leaving the compressor so that the flow through
the combustion chember is ln the downstream direction.

Combustion Chamber

The 11 direct-flow type combustion chambers are equally spaced
around the outer clrcumference of the compressor. A cut-away drawing
of one of the combustion chambers is shown in flgure 3. The combustion
zone of each combustion clamber (fig. 4) is separated from the outer
shell by & short, domed, inner liner, which includes a mixing chamber or
fuel vaporizer. A portion of the air from the annular space between the
liner and the outer casing, together with fuel from a main fuel nozzle,
enters the primary combustion zone through the mixing chamber, which has
an exit faclng upstream; hot gases passing over the mixing chember vap-
orize the fuel. An suxiliary air tube 1s included within the fuel vap-
orizer to retard carbon formation on the inner surface of the vaporizer.

¢gzz.
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Additional sir enters the primary combustior zone through the dome of
the liner. Secondary ajir is added downstream of the vsporizer through
liner perforations and at the end of the short inner liner. The com-
bustion chamber length, from primasry combustlon zone to entry annulus
of the turbine, 1s much greater than that of conventional combustion

chambers.

To stert the engine, two of the combustion chambers are equipped
with combination spark plugs and starting fuel nozzles which enter the .
combustion zone through a hole in the center of the liner dome. The other
combustion chambers are equipped with starting fuel nozzles which
penetrate the side of the liner dome (fig. 4(b)), and ignition is pro-
pagated through cross-fire tubes. A valve in the fuel line to the
starting fuel nozzles permits flow only while ignition is on. The ‘fuel
used throughout the investigation conformed to specificetion MIL-F-5616
(kerosene).

Instrumentation

Stations at which instrumentation was lnstalled within the engine
Tor measuring pressures and Gtemperatures are shown in figure 2. Schematic
sketches of the instrumentation at the cowl inlet (station 1), combustion-
chamber inlet (station 2), turbine inlet (station 3}, and exhasust-nozzle
inlet (station 5) are shown in figure 5. Pressures at stations 2 and 3
were measured with mercury manometers and pressures at stations 1 and S
were measured wlth water manometers; a1l pressures were photographically
recorded. Temperatures at stations 1 and 2 were measured with iron-
constantan thermocouples and the temperature at station 5 was measured
with chrom€l-alumel thermocouples; all temperatures were automatically
recorded by self-balancing potentiometers.

Fuel flow was measured by a calibrated rotameter and engine speed
was measured by a stroboscopic tachometer. FEngine torque was measured
by means of a built-in hydreulic torquemeter which was calibrated by
the manufacturer to give propeller-shaft torque in terms of hydraulic
pressure. The reduction gearing power loss, which included bearing
loeses, was obtained from a csllibration curve of gear horsepower plotted
against shaft horsepower. '

PROCEDURE

Investigations were conducted using three tail-pipe econfigurations
other than the standard configuration which consisted of a 23-inch
constant-diameter tail plpe 66 Inches long with no exhaust nozzle. The
other three configurations had a 24-inch dismeter, 66-inch long tail
pipe with no exhsust nozzle, a 22-inch, and a 20-Inch diameter exhaust
nozzle, respectively.
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For the standard taill-plpe conflguretion, data were obtalned at
altitudes of 10,000, 20,000 and 30,000 feet at englne speeds from 6800
to 8000 rpm and at an altitude of 40,000 feet at engine speeds from
7400 to 8000 rpm. TFor the other configurations, data were obtained at
altitudes of 10,000, 30,000 and 40,000 feet at engine speeds from 7600
to 8000 rpm. For all altitudes and configurations, the Tuel flow was
varied to obtain a range of shaft horsepower at each engine speed.
Throughout the investigdtion, the ratio of cowl-inlet total pressure to
test-section static pressure (ram pressure ratioc) was maintained at
about 1.025.

2253

At simulated altitudes of 10,000 and 20,000 feet, cowl-inlet air
temperatures corresponding to NACA standsrd sltitude conditions at s
ram pressure ratio of 1.025 were used. At altitudes above 20,000 feet,
the inlet tempersture was held near -20° F, which was the minimum that
could be easlly malntained in the wind tunnel.

The sywmbole and the methods of calculatlion used to determine the
combustion~chanber performance are given in the appendix.

RESULTS AND DISCUSSION

Combustlon-~chanmbey performance data obtained over a range of engine
speeds and simulated sltlitudes, and for four tail-pipe configurstions,
are plotted to show the variation of combustion effilciency and combustion-
chamber total-pressure~loss ratio with corrected shaft horsepower.
Combustion efficiency is slso shown as a function of fuel-air ratio, and
the pressure-loss cheracteristics are shown as a function of +the tempera-
ture ratio across the combustion chember. The test results are presented
in numerical form in table I.

The absolute values of combustion efficiency presented in this
report are considered to be accurate to within aspproximately +0.05, in
the medium and high region of shaft horsepower. Because of inaccuracies
in the torquemeter calibration at low torquemeter pressures and in the
calibration of reduction gesring power loss at low power, further
inaccuracy in the values of combustion efficiency is probable at low
shaft horsepower.

Combustion Efficlency

The variation of combustion efficiliency with corrected shaft horse-
power for the englne equipped with the standard tail pipe is shown in
figure 6 for altitudes from 10,000 to 40,000 feet and for a range of
corrected engine speeds. Combustion efficlency decreased slightly as,
shaft horsepower was lncreased, especlally at high altitude; but
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combustion efficliency was not apprecisbly changed by varying the cor-
rected engine speed from 7006 to 8706 rpm. The variation of combustion
efficlency wlth corrected shaft horsepower is more directly & result of
variations in fuel-air ratio which produced the changes in shaft horse-
power. The effect of fuel-alr ratio on combustion efficiency is shown
in figure 7 over the same range of operating conditlons shown in fig-
ure 6. The slight decrease in combustlon efficiency which occurs with
increased fuel-air ratio is probably the result of the mixture becoming
too rich in the combustion zone. However, this apparent trend at low
power 1s probably the result of inaccuracies in the measurement of sheft
horsepower; gear horsepower, or both, in the low shaft horsepower region.

The effect of altitude on the variation of combustion efficiliency
with corrected shaft horsepower and fuel-air ratio is shown in figure 8.
At low shaft horsepower, the effect of altitude on combustion efficiency
was negligible, but in the region of meximm shaft horsepower at a fuel-
air ratio of 0.018, combustion efficiency was lowered by approximately
0.04 by increasing the altitude from 10,000 to 40,000 feet. The decrease
in combustion efficiency with increased sltitude at a constant value of
fuel-air ratioc is the result of chenges in combustion-chamber- inlet pres-

sure, temperature, and velocity.

Combustion efficiencies obtained with several turbojet englnes have
been shown to give a characteristic curve when plotted against the pars-
meter pth/Vf, where pp 1s the combustion-chamber-inlet static pres-
sure, tz is the combustion-chamber-inlet statlc temperature, and V, is
a reference veloclty based on the maxlimum cross sectlion of the combustion
chamber (reference 1). Although this parameter does not account for the
glight effect of fuel-air ratio on combustion efficlency, it serves as s
convenient method for comparing the performance of different combustion
chambers operating in the same general range of fuel-slr ratilos.

Combustion efficlency data obtalned with the standerd engine
configuration are shown as a function of pztz/Vf in figure 9(a). The

data have been separated into ranges of fuel-air ratloc to show the
slight tendency of combustion efficlency to decrease with increasing
values of fuel-air ratio. The variation of combustion efficiency with
pztz/V} for the vaporizing combustor compares favorably with that of
several atomizing type combustors used on varlious turbojet engines as
shown in figure 9(b). Datéa for these atomizing combustors were obtained
from references 1 and 2 and from unpublished data. Because of the range
of operating conditions investigated, no data sre available for the
lower range of pztz/V that would give a better comparlison between the
vaeporizing and conventionsl type combustors. Because of the low refer-
ence velocities of approximately 70 to 85 feet per second and the scme-
what higher compressor pressure ratio of this turbine-propeller engine
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than those of the turbojet engines used for comparison, combustion-
chember inlet conditions were favoreble for combustion efficlencies 1n
excess of 0.95 at an altitude of 40,000 feet over the range of engine
speeds investigated.

The variation of combustion efficiency with corrected shaft horse-
power at altitudes of 10,000 and 30,000 feet for the engine eguipped
with the 24-inch dlameter tail plpe and with 22- and 20-inch dlameter
exhgust nozzles is shown in figure 10. Combustlion efficiency was not
affected notiliceably by changing the exhsust nozzle dlameter from 24 to
20 Inches. OQver the range of operating conditions investigated, the
combustion efficiencies obtained for all four tail-pipe configurations
varied from approximately 0.85 to 0.89.

Pressure Losses

The variation of combustion-chember total-pressure-loss ratio AP/P
with corrected shaft horsepower at various altlitudes and corrected engine
speeds is shown in flgure 11 for the englne equipped wilith the standard
tall pipe. At low values of corrected shaft horsepower, AP/P decreased
as shaft horsepower was increased but tended to level off in the high
shaft borsepower region. Varying the corrected engine speed from 7006
to 8706 rpm 31d not affect AP/P mnoticeably.

The effect of altitude on the variation of AP/P with corrected
shaft horsepower 1s shown in figure 12. At low values of corrected
shaft horsepower, AP/P increased slightly with increased altitude but
in the region of high corrected shaft horsepower no appreciable altitude
effect occurred. Changing the exhaust-nozzle-outlet sarea on the Z24-inch
diameter tail pipe did not result in a noticeable change in AP/P, as
shown in figure 13. Over the range of test conditions investigated, the
value of AP/P varied from 0.037 to 0.043.

The effect of the combustion-chamber temperature ratic on the
combustlon-chamber total-pressure loss divided by the inlet impact
pressure AP/q is shown in figure 14. The value of AP/q increased
uniformly with an increase in the tempersture ratio T /T for all
simulsted flight conditions and tall-pipe configurations. The effect
of altitude on AP/q at a given value of T3/‘I‘2 must be considered

negligible as far as can be determined because of the amount of data
scatter present. The value of AP/q was not affected by changing the
exhaust-nozzle-outlet area on the 24-inch diameter tail pipe. Over th-
range of test conditions lnvestlgated, the wvalue of AP/q varied fro
gpproximately 1.7 to 2.4.

A theoretical llne based on the sum of a friction-pressure-)
ratio APf/q of 1.25 and a momentum-pressure-loss ratio of

S

neggt
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APm/q = [(T3/T2)-1J is also shown in figure 1l4. Reasonsbly accurate pre-
dictions of combustion-chamber total-pressure loss can be made in this
manner if the temperasture ratio across the combustion chamber and the
constant value of APf/q as determined from windmilling or "no-burning"
data are known.

SUMMARY OF RESULTS

The following combustion-chamber performsnce results were obtalned
from an investigation of a Python turbine-propeller engine in the NACA
Lewis altitude wind tunnel:

1. Combustion efficiency decreased slightly with increased altitude
and lncreased fuel-alr ratio but was not affected noticeably by changes .
in engine speed and exhsust-nozzle-outlet area. Over the range of test
conditions investigated, the combustion efficiency varied from approxi-~
mately 0.95 to 0.99.

2. At low values of corrected shaft horsepower, the combustion-
chamber total-pressure-loss ratlo AP/P decreased with increased shaft
horsepower,; but leveled off somewhat ln the region of high corrected
shaft horsepower. The value of AP/P incressed silghtly with increased
altitude at low corrected ‘shaft horsepowers. Changes in engine speed
and exhaust-nozzle-outlet area had no apparent effect on AP/P and over
the range of test conditions investigated, the value of AP/P varied
from epproximately 0.037 to 0.043.

3. The combustlon-chamber total-pressure loss divided by the inlet
impact pressure AP/q increased uniformly with increasling combustion-
chamber temperature ratio Tz/T,. At s given value of Tz/T,, changes
in altitude, englne speed, and exhsust-nozzle-ocutlet area had 1ittle if
any effect on AP/q. The value of AP/q varied from approximately 1.7
to 2.4 over the range of test conditions investlgated.

‘Lewis Flight Propulsion Leboratory
Netional Advisory Committee for Aeronsutics
Cleveland, Ohio
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APPENDIX A

SYMBOLS

The following symbols are used in this report:

crose-sectional ares, sq £t

thermal expansion ratlo, ratlo of hot exhaust-nozzie area to
cold exhaust-nozzle area

fuel-air ratio ‘
acceleration due to gravity, 32.2 ft/sec?
gear horsepower

enthalpy, Btu/lb

nmechanical eguivalent of hest, 778 ft—lb/Btu
engine speed, rpm

total pfessure, 1b/sq £t absolute

combustion-chamber total-pressure-loss ratio, (Pz-PS)/PZ;

ratio of lose in total pressure across combustion chamber
due to friction and heat addition to the total pressure at
the combustlon-chamber inlet

ratlo of total-pressure loss across combustion chamber to
combustion-chamber-inlet lmpact pressure, (PZ_PB)/(PZ'PZ)

friction pressure-loss ratio; loss in total pressure across
combustion chsmber due to friction divided by the inlet
impact pressure

momentum pressure-loss ratio; loss in total pressure across
combustion chamber due to heat addition divided by the
inlet impact pressure.

static pressure, 1b/sq ft absoclute
gas constant, 53.4 £t-1b/(1b)(°R)

shaft horsepower

cQ7?7
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iy total temperature, ©R

T, indlcated temperature, °R

t static temperature, °R

v veloecity, ft/sec

V. reference velocity based on maximum cross section of combustion
chamber, £t/sec

Wé alr flow, Ib/sec ]

We fuel flow, 1b/sec

Wy gas flow, 1b/sec

o thermocouple impact recovery factor, 0.85

T ratio of specific heats‘

51 ratio of absolute total pressure at cowl inlet to absoclute
static pressure at NACA stendsrd atmospheric sea-level
conditions

61 ratio of absolute total temperature at cowl inlet to absolute
static temperature at NACA standard stmospheric sea-level
conditions :

Ty combustion efficiency

p density, slugs/cu £t

Subscripts:

1 cowl inlet

2 combustion-chamber inlet or compressor outlet

3 combustion-chamber outlet or turbine inlet

5 exhaust-nozzle inlet

a air

by fuel

n turblne-nozzle throat
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APPENDIX B

»

METHODS OF CALCULATION

'€Gee

Total temperature. - Total temperatures were calculated from
thermocouple~indicated temperatures by the equation

-1

T
T = Ti- (%I);J; — (B1)

Y
1+ a (zi) -1
b

Turbilne-inlet temperature. - In order to calculate turbine-inlet
temperature, the turbine power was assumed to equal the sum of the
power absorbed by the compressor,; the shaft horsepower measured by the
torquemeter, and the power loss in the reductlon gearing

550 (shpt+ghp)

(Wg’s Bz - Wg,S HS) = (Wa’z Hy; - Wa,l Hl) + T .

Enthalpy at the turbine inlet was then

550 (shp+ghp)
_ Wa,5 Hay5 + We Hps) + (Wayp Hp - Wa,n Hy) + 5

3
wé:s

(B2)

Values for Tz Were then determined from a chsrt showing Tz as a
function of Hz and fuel-air ratio (reference 3).

Gas flow. - Gas flow through the tall-pipe of the engine may be
determined by use of pressure and temperature measurements at station 5
by the equation:

2 75 -
Wg,5 = 8psCphAsVs = PsCphs Trs-1)R%; [\3, -1 (B3)

-

where Cp 1s the correction for thermal expansion of the exhaust nozzle.
Gas flow values measured at station 5 showed excessive scatter because
of the difficulty of measuring small impact pressures.
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Because the turbine nozzle was choked for the range of conditions
investigated, the turbine-nozzle vena-contracta area was assumed constant
and the following equation was used to obtsin the finsl calculated gas
flow

Wg,n= Ps ’ng 1 . (84)
An \’Ts R A1l

3
Sl
~ 2

The average turbine-nozzle vena-contracta area was calculsted from
equation (4) using the tail-pipe gas flows (station 5) and turbine-
inlet total temperature based on tall-pipe gas flow. The burbine-inlet
gas flow was determined from this average effectlive turbine-throat area
end turbine-inlet temperature by equation (4). With this gas flow, a
recalculation was made for turbine-inlet temperature, which showed a
negligible change between the recalculated value and the originasl calcu-~-
lated temperature. The air flow at any stabtion through the engine was
calculated from Wé,ﬁ by subtracting the fue; flow and by considering

the various bleed-off air flows that were piped from the compressor.

Combustion efficlency. - The combustion efficiency is defined as
the ratio of the actual increase in the enthalpy of the.gas while pass-
ing through the combustion chamber to the theoretical increase in
enthalpy that would result from complete combustion of the fuel charge.
The inerease in enthalpy through the combustion chamber 1ls expressed as,

(Wé,5H3;Wa,2H2) = Wa,SHﬁ,5+waf,5+wé,2Hﬁ,B-Wé,lﬂﬁ:l'P

550 (shp+ghp)
J = Wg,28a,2

end the expression for combustion efflciency is, therefore,

. We,58a,5 * WelBp 5 - Wg,1Hg 3 + 707 (shp+ghp)

T Wp X 18,500

where 18,500 Btu per pound of fuel is the lower heating value of the
fuel. :
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TABLE I - PERFORMANCE DATA FOR

NACA RM E51G25
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23-inch diameter tail pipe with no exhaust nozzle (standard cénfipuFation) -
11 10,000 1.026 1449 5| 307 | 1487 | 487 | 5087 5225 {754 5007 ; 1280} 9890
2 1.027 ;1454 )6805] 586 | 1493 | 489 | 5352 5468 }764 5254 | 1425 1108
3 1.026|1452 |6805] 985 [ 1490 [ 490 | 5425 5531 1766 5323 | 1530|1182
4 1.026|1455)|6805|1148 | 1493 | 491 | 5565 5871 |7173 5474 | 1618|1284
S 1.027 | 1447 |6805[1235 | 1486 | 490 | 5543 5645 (773 5437 | 1659 (1292
6 1.025]1439|7205| 302 | 1475 | 491 | 5530 5671 (788 5435 | 1302 | 989
7 1.0251452}7205}.889 | 1489 | 487 | 5928 8058 | 792 5818 | 1492|1134
8 1.026[1448 (72051314 | 1485 | 486 | 6258 6279 | 789 8043 | 1636 [1249
9 1.025|1452[7205|1524 | 1485 | 490 | 6222 6339 | 805 6101 | 1700 |1322
10 1.02511453|7205(1858 | 1489 | 490 | 6278 6392 (808 6155 | 1778 (135856
11 1.025(1451 17406 289 | 1487 | 487 | 5845 5996 |797 5742 | 1501 | 978
12 1.026j1449|7406[1045 § 1486 | 493 | 6185 6317 }816 6072 | 1542 [1166
13 1.025{1457|74068[1841 | 1494 | 490 | 6527 8652 | 820 6599 | 1738 |131%
14 1.026 |1444 |7406]1852 | 1481 | 487 | 6615 6738 {417 5484 | 1813 {1374
15 1.026 1451 | 7406|1978 | 1489 | 488 | 6688 6809 |821 6557 | 1863 |1416
lsl 1.026 {1452 7406|2041 | 1490 | 480 | 6822 8945 | 818 6685 | 1854 [1385
17 1.027 |1440(7606] 241 | 1479 | 482 | 6088 6250 | 806 5965 | 1291 | 960
18 | 1.026114487606]11.65 | 1485 | 486 | 8572 8713 | 822 6450 | 1555 {1180
19 1.026 1451 )76068}1924 | 1489 | 488 | 6947 7077 | 833 6815 | 1790 [1341
20 1.026[1448 76062139 | 1486 | 484 | 7066 7198 {832 6925 | 1854 11591
21] 1.026(1450|7606]2299 | 1488 | 485} 7311 7240 835 6969 | 1909 1435
22 [ 1.027 1448|7806 316 | 1485 | 490 | 6324 6488 |-832 6213 | 1562 (1014
23 1.0271449[7806|1295 | 1488 | 477 | 6978 7126 | 830 1 6851 | 1585|1170
24 1.026 (1449 |7806|1317 | 1487 | 484 | 69067 7054 (835 ! 6779 | 1599 {1186
25 1.026 1451|7806 2085 | 1489 | 488 | 7254 7373 | 850 7Q985 | 1819 {1352
28 1.026 1456|7806 | 2085 | 1494 | 494 | 7224 7348 | 858 70735 | 1849|1360
27 1.026[1450{7806|2294 | 1488 | 480 | 7400 7538 | 842 7254 | 1872 [1392
28 1.0271145617806|2516 ) 1495 | 482 | 7459 7600 | 846 7515 | 1887 |1405
29 1.026 |1437(7806|2516 | 1475 | 486 | 7329 7485 | 851 7184 | 1889 |1410
3Q 1.026 |1453 7806|2491 | 1491 | 489 | 7482 7627 | 860 7341 | 1983 11486
31 1.028 |1456 |8006| 410 | 1497 | 479 | 6777 6953 831 8662 [ 1373 {1012
52 1.028 1448180061419 | 1488 | 484 | 7250 T417 {855 71350 | 1638 1206
33 1.027 1145580062139 | 1495 | 483 | 7674 7826 | 863 75335 | 1827 [1352
T4 1.028 |1454 8006|2398 | 1494 | 485 | 7755 7905- | 868 76808 | 18865 (1389
36 1.028)1451)8006}2578 | 1492 | £85 | 7910 8063 | 869 7762 | 1958 [1452
36 1.027 145880062724 | 1498 | 485 | 7910 8061 | 858 7755 | 2017 11502
37 1.027 11456 |BO06 (2755 | 1496 | 481 ) 7991 8142 1865 7832 | 1978 {1460
38 1.028]1446,8008]2769 | 1486 | 486 | 7780 7931 | 870 78357 Q067 1549
38 ] 20,0 1.028] 370(6805| 255 995 [ 454 | 3623 ki BET 12517 982
40 1.027] 964|6805| 582 8890 j 455 | 3767 3844 731 3891 | 1430|1100
41 1.028} g87(6805( 720 994 | 454 | 3852 %928 |732 3779 | 1508 |1159
42 1.028) 973[6805] 816 | 100Q | 455 | 3916 3986 | 738 5838 | 1568 {1208
43 1.025| 965|7205] 249 989 | 454 | 3939 4053 | 753 3865 | 1286} 973
44 1.026| 972|7205| 773 997 | 456 | 4230 4318 | 764 4149 | 1519 j1145
45 1.027| 971{7205(1134 997 | 455 | 4435 4513 | 769 4346 | 1705 |1296
46 1.028] 963 |7205(1246 988 | 458 | 4408 4482 | 775 4318 | 1780 (1356
47 1.027) 864 |7205|1262 890 | 458 | 4417 4502 | 775 4330 | 1790|1564
48 1.027| 9658 (7205{ 1308 992 | 456 | 4443 4519 (773 4353 | la22 1592
49 1.027| 968|7205|1345 994 | 454 | 4514 4581 (772 4423 1181211577
50 1.025| 975|7406| 272 997 | 452 | 4189 4251 [761 4095 | 1286 | 9681
S1 1.027| 966|7406| 883 992 | 454 | 4462 4555 | 776 4378 | 1562 {1167
52 1.027} 97174061303 997 | 450 | 4727 4811 | 780 4633 | 17268 |1288
53 1.026| 985]{7406] 1444 990 ] 452 | 4741 4825 | 785 4648 | 1815 {1364
54 1.027] 97174061558 997 | 454 | 4805 4887 | 789 4704 | 1868|1405
55 1.027| 9688)7606| 296 994 | 455 | 4359 4464 | 781 4280 | 1%20| 979
58 1.027) 986)7606] 949 992 | 455 | 4704 4800 | 793 4612 | 1583 ]1172
57 1.027| 977|7606(1392 | 1005 | 457 | 43989 5058 | 802 487C | 1760|1305
58 | 1.027]| 969|7606|1585 995 | 456 | 5016 5108 | 804 4913 | 1832 (1362
29 1.027] 979/7606)1565 | 1005 | 461 | 5015 5105 | 8l2 4813 | 16854 )1384
50 } 1.0271 970(7606{1701 996 | £56 | 5088 5176 {809 4985 | 1911 |1427
61 1.026] 975{7806; 292 | 1000 ] 452 | 4313 4623 [ 793 4431 | 1344 | 989
52 1.027| 969|7008]|1024 995 | 454 | 4906 5005 807 4808 ) 159711175
[3-] 1.b2a| 971|7906]1622 998 | 453 | 5179 S277 813 5075 | 1775|1509
84 1.027| 976(7808|1545 | 1002 | 457 | 5184 5280 | 819 5080 | 1818 {1345
65 l.028} 976{7806{1740 | 1003} 457 | 5303 5398 | 821 5189 | 1507 {1410
56 1.028] 969|7808!1891 996 | 458 | 5368 5460 | 827 5.51 | 1988 11479
87 1.027] 97218006] 361 9968 | 454 | 4678 £78 812 4587 | 14171041

8caloulated temperature.

Determined from air flow calculated at station 3.
®Corrected to NACA standard sea~level static conditions.
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2%-inch dlameter taill pipe with no exhaust nozzle (standerd configuration}
810 [32.22[31.96(32.07 0070 1.026 |.0434 |1.714 |1.698 | 7025 451 | 1
1050 [31.91 |31.64 |31.75 [LOOSL (1.00Q |.0591 $1.845 {1.865 [ 7009 J002] 2
1220 131.10 |30.82 |30.93 [.0109 | .888 | .037 1.982 11.997 | 7002 |1£10] 3
1360 1{31.05 |30.76|30.88 L0122 | .98G | .0347 [1.858 [2.093 | 6996 1675 4
1400 [30.41 [30.12|30.24 [0128| .984 | .0368 [2.039 [ 2.146° | 7002 | 1809} 5
875 |34.76 {34.40 (34 .52 [ 0070 [1.002 | .0416 ;1.674 |1.652 | 7407 | 445} 6
1220 |34 .53 |54 .16 {34.28 L0098} .992 | .0396 |1.846 | 1.884 | 7436 (1305 | 7
1470 |34 .14 [35.74 |35.87 0120 | .996 | .0376 |1.950 | 2.048 | 7443 {1934 ( 8
168001335.73 135.34 |35.47 L0132]| .997 | .0375 |2.034 {2.112 | 7414 (2228 9
1675 133.22{32.85]32.96 [L0140! .992 | .0371 ;2.079 | 2.208 | 7414 |242¢ {10
910}35.71(36.35[356.48 L0038 | .997 |.0424 [1.682 | 1.637 | 7543 | 42511
1310135.41|35.04 [35.17 L0103 | .995 [ .0388 [1.856 | 1.890 | 7599 {1527 |12
1840 {34.97 |54.57 [34.71 | 0132 | .995 | .0380C [2.024 | 2.120 | 7621 {2391 {13
1810 {34 .62 |34 .22 {34.36 0145} .986 [ .0377 | 2.065 [ 2.219 ; 7643 12732 {14
1880 |34 .52 ({34.12(34.26 [.O151} .995 | .0370 | 2.083 [2.269 | 7543 (2900 15
1900135.4835.07155.21 L.0O149 ] .989 | .0574 j2.114 | 2.248 | 7702 |3015[18
900/38.42|38.06(38.19 0065 (1.019 | .042¢ |1.6355 [ 1.602 | 7895 | 358 |17
1420{37.42|37.04|37.18 .0l05| .981 | .0392 {1.865 | 1.882 | 7857 [1715(18
1820|36.65|36.25|36.39 [.0138| .994 | .0370 |2.016 | 2.149 | 7849 |2821 |19
1975(35.50({36.09|36.24 [.0150| .986 |.0381 |2.060 | 2.228 | 7872 |3153 |20
2050]36.18|35.77{35.92 [.0158; .988 | .0374 [ 2.101 | 2.286 | 7865 ;53365 |21
1010{38.74 |38.40}{38.53 [.007211.011 | .0424 [ 1.677 | 1.637 | 8032 463 |22
1500[39.34|38.96|59.11 |.0106|1.004 | .0588 ]1.858 [ 1.910 | 8142 11920 {23
1510|38.74|38.37{38.51 [.0108| .897 | .0390 |1.871 | 1.915 | 8079 |1940 |24
1920!37.81|37.41(37.56 |.0141 | .992 | .0377 |2.000 | 2.140 | 8058 |3057 |25
1940}37.35(36.95|37.10 {.0144 | .996 [ .0374 [2.218'| 2.155 | 8001 |3025 |26
2050|38.04 |37.6437.79 [.0150| .998 | .0377 |2.058 | 2.223 | 8118 (53393 [27
2080|38.21|37.80|57.96 [.0151[1.000 | .0375 | 2.021 | 2.230 | 8103 |5402 |28
2080 [37.47(37.07|57.22 [.O154} .984 | .0376 [2.066 | 2.220 | 8064 |5432 |29
2240137.30(36.90137.06 |.0167| .987 | .0375 | 2.119 | 2.306 | 8040 |3642 |30
1125]41.34 (41.00|41.14 }.0076| .993 | .0419 ;1.853 | 1.652 | 8334 | 603 |31
1645[(40.19(39.83(39.98 [.0114} .984 | .0387 |1.828 | 1.916 | 8286 |2089 |52
2055[39.99/39.680[38.76 |.0243| .981 | .0374 |1.928 | 2.117 | 8302 |313833
2170139.71}39.32}{33.48 [.0152| .978 | .0376 |1.980 | 2.172 | 8278 |5511 |54
2330({39,68(39.27{39.44 |.0163| .978 | .0373 |1.867 [ 2.253 | 8278 |5T7792 |55
2420139.03i38.60{38.77 |.0L72] .983 | .03680 |2.026 | 2.324 | 8302399136
2400(39.84(39.45}139.60 [,0167! .975 | .0381 { 2.053 , 2.284 | 8318 (401837
2460|37,92]|37.50|37.66 |.0180| .985 | .0371 [2.085 | 2.376 | 8270 |4073{38
695,25.15[22.98[23.06 [.0071[1.005 | .O407 |1.776 | 1.733 | 7275 | 58039
800[22.33|22.16|22.24 |.0100| .978 | .0398 |1.987 | 1.956 | 7288 (1328 (40
87522.23(22.05122.13 {.0109| .989 | .0579 [1.961 | 2.060 | 7275|1639 |41
940(22.11|21.93({22.01 (.0118| .988 | .0571 [ 2.114 | 2.130 | 72588 |1844 (42
845|24.79)24.61|24.69 |.0072]|1.010 | .0427 | 1.787 | 1.708 | 7702 S70|43
925(24.33|24.13}24.22 [.0106|1.000 | .0391-|1.920 [ 1.988 | 7688 |1750 |44
1150{23.93[23.72{25.81 .0154;1.002 | .0370 } 2.141 [ 2.217 | 7695257045
1225123.22]123.01{25.10 |.0147| -84 | .0366 [ 2.216 | 2.297 | 7665 |2840[46
1250{23.19122.98)23.07 |.0150| .973 | .0382 [2.024 | 2.310 | 7666|2870 47
1270|23,.11122.90|22.99 |.0155| .990 | .0367 | 2.184 | 2.357 | 7688 2977(48
1285(23.54123.33|23.42 |.0152| .S86 | .0366 | 2.182 | 2.347 | 7702 ,3081 |49
680126.27}26.07|26.16 |.0072|1.001 | .0567 | 1.902] 1.690 | 7932. 61850
1010(25.28125.07|25.16 1.0111| .993 [ .0389 | 1.903 | 2.013 | 7917201551
1250|25.32|25.09{25.19 |.0137( .982 | .0570"| 2.119 | 2.215 | 7954 ;2970|52
1345(24.73(24.50|24.60 |.0151| .982 | .0367 | 2.107 | 2.312 | 7932330553
1415|24.64 |24 .41}24.51 |.0160] .978 | .0374 } 2.232 | 2.368 | 79173529(54
717127.10{26.89|26.98 |.0074}1.012 | .0412 [ 1.752 | 1.690 | 812%]| &73|55
1Q065}26.45126.22126.32 |.0112] .993 | .0382 | 1.958 | 1.998 | 8123|2162|58
1315}26.35{26.11}26.21 |.0138| .988 | .0372 | 2.112| 2.195| 8108;3131|57
1420(26.02{25.78125.88 |.0152| .979 ; .0378 | 2.144 | 2.279 | 8116|3553]58
1430(25.85[/25.681125.71 {.0154| .982  .0376 | 2.133 | 2.283 ( 8070|3495!59
1515[25.82|25.56|25.67 [.0183| .9684 | .0369 | 2.170 | 2.362 | 8116|3854[ 60
750(27.78|27.57|27.66 [.0075|1.012 | .0415 ] 1.745| 1.695 | 836Q| 662|861
11251 27.46|27.22|127.32 1{.0114} .286 %} .0394 | 1.990 | 1.979| 8345]|25239({ 82
1385)27.3€|27.10)27.21 |.014)) .986 | .0583 } 2.061 | 2.183 ) B360|5456] 63
1420127.04|26.78/26.89 |.0146| .989 | .0379 [ 2.083 ] 2.217[ 8321)3478]| 64
1555126.90|26.63| 26,74 |.0161| .9821 .0387 [ 2.200} 2.323 | 8321|3913| &5
16751 26.59|26.32|28.43 [.0175| .974 | .0383 [ 2.272| 2.404 | 83529[4285] 66
8401 27.97127.74127.84 [.0083]|1.002 | .0420 | 1.827}| 1.745| 8558| 818[67

15



16

NACA RM E51G25

TABLE I - PERFORMANCE DATA FOR PYTHON
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gl 38 | 8> é& o) 22 )1BPS) 8BS |BRS| B5S) Bo | BeS) Bo| 5
] <~ £ Gl | 1B [COB—| O+ [CQo—| OB | OB oSv Oolme
23-inch diameter tail pipe with no exhaudt noizzle (standard oconfiguration}
68] 20,000| 1.028| 868)80068| 469 996 451 | 4758 48711 808 | 4375 }1420) 1036
69 1.027; 969| BO0E| 1146 985 450 | 5152 5260 819 | 5059 | 1869} 1221
70 1.027) 968 8006|1204 994 455 | 5119 5222 827! 5017 | 1703|1252
71 1.028| 959| 8006|1556 996 450 | 8375 5480 825 5272 (1791|1514
T2 1.028 975(8006|1€589 | 1002 455 | B442 5531| 834 | 5318 ; 1885] 1389
73 1.027] 971}8006) 1790 987 449 | 5509 5813| 829 | 5404 | 1903 1404
T4 1.028| 87318006|1883 | 1000 456 | 5532 5620 B%9 | 5407 | 1975( 1461
75 1.028} 975| 8006|1922 | 1002 451 ) 5619 5725) 857 | 5505 & 19689) 1457
76 1.029] 865 8006| 2013 993 458 gglﬁ 5673 | 84 5456 211559
771 30,000| 1.025] 529{5805] 282 845 4359 21 2575] 715| 2436 | 1327|1019
78 1.027, 824)6805| 366 €41 438 | 2555 2507 720 2501 ) 1399|1088
9 1.027} 630! 6805| 481 847 440 | 2613 2664 725 | 2532 | 1492{1138
80 1.026] 5246805] 551 G40 436 | 2632 2681 723 2578 ;1537|1173
81 1.027] 623|6805] 580 840 441 j 2642 2689 | 729 | 2585 | 15831207
82 1.,026] 62317205] 288 [3.1:] £33 | 2719 27801 7405 2667 1135491011
83 1.027| 823|7505| 573 540 438 | 2905 2961 | 753 | 2848 1528|1136
84 1.027) 525(7205| 761 642 435 | 2991 3047| 755 | 2933 {16%9|1221
e85 1.023) 626|7205] 824 842 43S | 3053 3087) 758 | 2985 | 1598 1259
86 1.027| 8626|7205 870 645 437 | 3027 3080 | 751 | 2985 |1741]|130€
a7 1.027) 62317405) 302 840 437 | 2882 2927 760 | 2803 11371]|10ls
1) 1.027| 626 |T408| 664 843 438 | 3022 3088 | 764 | 2965 1567|1167
8g 1.026| 625(740€C| 889 641 456 | 3142 3200 772 3081 (1717|1272
90 1.027j326|7406] ¢35 643 437 | 3153 3205 774 | 3088 ;1815|1355
a1 1.025] 6287406 (1052 &44 437 | 5219 5273 | 781 | 3148 |1866(13591
92 1.026] 618 |7606] 276 634 437 | 2916 2975) 767 | 2858 |1362|1008
93 1.0275622(76806| 742 639 440 | 3142 3208 | 785 | 3081 16311203
94 1.025]628|7606)1016 644 444 | 3288 33468 795 | 3221 [1807[1540
95 1.024{630|7606)1114 645 438 | 3424 3479 BOO | 3349 {18489)1389
88 1.027|624 (760611173 641 439 | 3410 5465 | 799 [ 3337 '1925[1434
97 1.027)619 |7806] 336 638 436 | 3016 3087 784 | 2958 1426|1044
28 1.027(623|78061 773 640 437 | 3308 3372] 800 | 3241 {1660)1211
29 1.027}625 7806 11077 642 437 | 3469 3529 | 806 | 3395 §16829)1340
100 1.027]| 628 ;7806 |1215 6§43 4368 | 3543 36031 815 | 3470 [1938[1437
1ol 1.026{627]78068 {1287 6435 458 | 5561 3617| 817 | 3482 [2023;1505
102 1.028}821 |8006| 286 837 438 | 3070 3159 | 798 | 3007 |1430]1052
103 1.027|829% ;8008 306 648 443 | 3125 3196 | 808 | 3055 [1459(1071
104 1.029] 62318006 824 641 440 | 3392 3457 817 | 3324 |1716}1256
105 1.027)627|8008| 889 .644 436 | 5431 3498 | B14 | 33568 1752|1262
108 1.027)624 (8006 (1107 641 441 | 3566 3826 | 825 | 348¢ 1881|1382
107 1.0271626 180061173 645 437 | 3587 3645 ) 823 | 3508 |1925|1420
108 1.027|631 8008 {1257 548 442 | 3663 3720 | 828 | 3585 |1958)1444
109 1.027] 626 |8008 |1305 643 438 | 3656 3716 527 | 5574 JCO0T|1486
110 1.029)625 8008 [1545 643 441 | 3705 3765} 833 | 3115 |2040(|1510
111 1.027]628 LB_OOS 137€ 643 437 {3754 37885 1} 3651 208111545
112]40,000]1.030[594 [74068) 268 406 444 | 1801 1836 | 772 [ 1763 1502|1122
113 1.028|393 17406 | 415 404 442 {1861 1889 | 773 | 1816 [le63(1251
114 1.028|394 |7406 ) 491 405 442 | 1900 1934 § 776 | 1857 |1741}1310
115 1.026]{390 (7606 | 253 400 439 | 1862 1901 | 783 | 1820 (1522|1131
116 1.025]1398 7606 | 426 408 439 |1983 2019 791 ) 1937 J1674 1243
217 1.028(391 [7606( 515 402 442 2000 2036 | 800 [ 1955 |1733|13n8
118 1.030]394 |7608 | 593 406 438 | 2042 2077 | 799 | 1998 ]1832§1361
119 1.0281391 {7606 | 628 402 438 | 2061 2095 | 802 | 2013 [1889]1413
120 1.023(395 (7808 | 237 404 438 11934 1975) 797 | 1880 }1512([1120
121 1.0201391 [7808 | 332 399 437 | 213€ 2171 | 809 | 2087 ]1850(1365
122 1.025(394 {7806 699 404 435 | 2155 2196 | 812 | 2113 [19268[1425
123 1.025|387 |7806 | 45 407 434 | 2195 2233} 814 | 2152 (19791470
124 1.026)389 |8006 ) 232 399 448 j1952 1995 | 813 ) 1908 [1523[1121
125 1.0281396 18005 | 300 407 440 12014 2059 | 818 | 1973 1587|1166
126 1.02€ 1390 {8008 | 507 400 439 | 2089 2130 | 817 | 2042 |1752)1290
127 1.028 387 8006 528 398 441 (2105 2144 | 826 | 2080 117881310
128 1.028 392 18006 ) 671 403 441 12204 2244 ) 824 | 2157 19091410
129 1.028 (386 8006 | 678 397 439 2188 2224 | 831 | 2138 19301419
130 1.026|3587 |8006 | 746 397 438 (2235 2274 | 834 | 2184 2003|1487
131 1.025]3586 jBO06 | 764 406 443 | 2257 2287 | 832 | 2198 |2017)1498
132 1.028 530 |8006 | 758 400 442 (2247 2282 | 839 | 2196 |204211515
133 1.025|396 j8O06 | 799 4085 441 [2284 2320 | 840 | 2251 {2049]1517
R - - -

Scgleulated temperature.
PDetermined from air flow calculated at station 3.
SCorrected to NACA standard sea-level static conditiocns.

oQpy
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TURBINE-PROPELLER ENGINE - Continued
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23-inch diameter taill pipe with no exhsust nozzle (standard configuration)
885|28.43}28.21|28.31|.0086| .983]|.0402] 1.735 | 1.757 | 8590|1070 | 68
1265|28.19f27.95|28.06|.0125] .970|.0382( 1.861 | 2.038 | 8598(2617 | 69
1265|27.67127.41|27.52].0127| .987|.03935| 1.990 | 2.059 | 8550(2738 | 70
1475128.24]28.00{28.11{.0145] .963| .0380( 1.981 | 2.171 | 8598(354 71
1550|27.74[27.47|27.58|.0155| .984| .0389 | 2.416 | 2.260 | 8550|3833 | 72
1610]28.01)27.76|27.87[.0160| .982| .0372| 2.010 | 2.296 | 86064083 [ 73
1680[27.50[{27.22|27.33|.0170] .981| .0379| 2.420 | 2.354 | 8542|4252 | 74
1730|28.02|27.76|27.868|.0172} .972| .0384| 2.075 | 2.352 | 8590{4355 | 75
1810427.10126.81|26.931.0186} ,973]| ,0383 | 2,214 | 2.443 | 854214578 [ 76
472]15.58115.43[15.48|.0084| .999| .0416| 2.058 | 1.853 | 7397} 934 | 77
525[15.35|15.19|15.24 |.0095{ .985| .0407| 2.038 | 1.943 | 7411{1316 | 78
595(15.19|15.03|15.08|.0108| .976|.0383| 2.000 | 2.058 [ 73901708 | 79
635[15.04|14.88|14.93]|.0117| .970{ .0%84 | 2.102 | 2.126 | 7424|1987 | 80
870|14.83114.67|14.72].0125] .951].0387( 2.213 | 2.171 | 7383|2080 | 81
500(16.72{10.55|16.61|.0083|1.007| .0406| 1.852 | 1.823 | 78611040 | 82
665[16.68|16.51116.57|.03111| .973| .0382[ 2.018 | 2.029 | 7661|2067 | 83
755|16.53)|15.36{16.42|.0129| .966| .0574{ 2.036 | 2.171 | 7868|2739 | 84
8n5|16.49|16.32{16.38|.0136| .981| .0330 | 1.889 | 2.240 | 7868|2966 | 85
840|16.16115.99|16.05(.0144{ .968| .0373| 2.170 | 2.288 | 7853|3121 | 86
525(17.39117.23|17.29{.0084(1.006| .0424 | 1.908 .804 | BO73|1088 | 87
720(17.21116.94{17.00}.0127| .967}.0383| 1.9354 | 2.051 | 8065{2380 | 88
845(16.9216.74(16.81}.0139| .967|.0372| 2.052 | 2.224 | 8080|3201 | &9
910/16.45116.28|16.35}.0154| .975|.0365| 2.250 | 2.345 | 8075|3589 | SO
350(16.52{15.34|16.41|.0161| .971|.0379| 2.296 | 2.389 | 8075(3768 | 91
540|17.80|17.64(17.70|.0084| .972| .0395{ 1.985 | 1.776 | 8291(1004 | 92
774|17.4017.23[17.30|.0124| .972].0381 | 2.000 | 2.078 | 82602688 | 93
93517.20/17.02(17.09|.0151| .966|.0374 | 2.155 | 2.2735 | 8222|3609 | 94
1020{17.46[17.28(17.35].0162} .970|.0374| 2.364 | 2.361 [ 8283|3980 | 95
1050(17.22(17.03(17.10{.0169] .970{.03689 | 2.327 | 2.409 | 8268|4209 [ 98
570/17.97]17.81(17.87{.0088|1.007] .0418 | 1.817 | 1.819 |@516(|1220 | 97
a15(18.12{17.95|18.02].0125| .975).0388 | 2.047 | 2.075 | 8509|2786 | 98
983[17.99(17.82(|17.89].0152| .971|.0580 | 2.2335 | 2.269 | 8509(3870 | 99
10985|17.83(17.65(17.72].0171| .984|.0369 | 2.217 | 2.384 | 8501|4355 | 100
1160(17.45(17.28|17.35|.0185]| .962|.0375| 2.411 | 2.476 | 8501|4615 | 101
575118.22(18.08|18.14 |.008871.007| .0421 [ 1.9135 | 1.792 | 8735( 964 | 102
510(18.35(18.21(18.28 [.0092| .984|.0416| 1.873 | 1.806 | 8670|1086 | 103
870(18.24|18.09(18.16 |.0133] .971|.0385 | 2.046 | 2.100 | 8695|2954 | 104
885]18.33118.17(18.24 |.0134| .977|.0395| 2.125 | 2.128 | 8735|3115 | 105
1045118.1718.02|18.09 |.0160] .962|.0386| 2.353 | 2.280 | 8687|3965 | 106
1085)18.0817.91[17.98].0167| .968|.0386 | 2.274 | 2.339 | 8727|4195 | 107
1130{18.30(18.13(18.21|.0172] .9€4|.0386] 2.182 | 2.365 | 8679|4378 | 108
1170118.01{17.83|17.91].0180} .962|.0380| 2.390 | 2.427 | 8719(4670 | 109
1230118.02117.85[17.95 |.0190| .943|.0398 | 2.500.| 2.449 | 6687 (4803 | 110
£265118.02|37.83[17.91 1.0195} .949].0379| 2.561 | 2.504 | 8727[4938 | 111
390110.41(10.31[10.35|.0104| .975|.03368 | 2.086 | 1.946 | 60061510 [112
470}10.15(10.04 [10.08 |.0129§ .983]|.0386 | 2.6807 | 2.151 | 8028|2356 | 113
520 [10.13{10.02|10.06 |.0143} .969]|.0398 | 2.285 | 2.244 | 80282781 | 114
400110.67(10.57(10.61{.0104] .987]|.0426 | 2.077 | 1.944 ! 8268|1455 | 115
490(10.78 |10.68[10.72 |.0126] .930|.0406 | 2.278 | 2.116 | 8268{2401 | 116
5§50 [10.58 [10.48 [10.52 |.0144 | .558].0393 | 2.222 | 2.204 [ 8245|2939 | 117
590 [10.58{10.4810.52|.0155} .963|.0380 | 2.257 | 2.293 | 8283|3366 ;118
620{10.48 [10.38|10.42 |.0164| .962]|.0391 | 2.412 | 2.355 | 8283)3588 | 119
400(11.15111.05(11.07 |.0100|1.002| .0430 | 2.075 | 1.897 | 8501{1352 [ 120
630]10.98[10.89|10.93 |.0159] .948|.0387 | 2.400 | 2.287 | 8509|3653 | 121
§7010.88|10.77(10.81 |.0171| .948!1.0378 | 2.024 | 2.374 | 8516(3995 | 122
700{10.93 |10.81{10.86 {.0178| .959[.0363 | 2.132 | 2.431 | 8540(4238 | 123
410f11.17/11.08(11.12{.0102] .975|.0436| 2.023 | 1.873 | 8638|1328 | 124
45011.%0|11.21(11.25}.0111| .981;.0418] 1.911 | 1.94C | 8695|1694 125
560(11.07 [10.97[11.01 }.0141| .956[.0413 | 2.146 | 2.144 | 8703|2915 | 126
570 (11.03110.95]10.99 [.0144 | .962}.0392 | 2.154 | 2.165 | 8687|3034 | 127
§50(11.17{12.0611.11|.0164| .961|.03881) 2.175 | 2.317 | 6687|3823 | 128
865 (10.99 {10.89(10.94 [.0168] .954|.03%87 | 2.389 | 2.323 [ 8705|3928 | 128
725|11.00[10.90]10.95 |.0185 | .943[.0396 ] 2.308 | 2.402 | B719|4330 § 130
720 (11.04 {10.93(10.98 [.0181| .984(.0388 [ 2.967 | 2.42¢ | 86624308 | 131
745 (10.94 |10.84 {10.89 [.0189| .942(.0377 | 2.457 | 2.434 | 8875|4404 | 132
755(11.310]10.99]11.04 [.0189| .949|.0384 | 2.472 | 2.439 | 8587|4518 | 133
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TABLE I - PERFORMANCE DATA POR PYTHON
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24-inch diameter taill pipe with no exhasust nozzle
134[10,000[1.025[ 1449 [7205] 322 | 1485 | 485 [ 5445 | 5580 | 776 | 5340 | 1298| 989
135 1.02%] 1443 (7205 916 { 1480 | 484 [ 5775 ] 5 7685 | 5657 | 14771126
136 1.025| 1451 |7205 1285 | 1487 | 487 | 59357 ] 6051 | 791 | 5811 | 1620|1237
137 1.025] 1452 [7205 1427 | 1483 | 483 | 6025 | 6138 | 791 | 5899 | 1672|1278
138 1.025| 1453|7205 (1560 | 149¢ | 488 | 6076 | 61686 | 796 | 5949 | 17341333
159 1.025] 1452 |7406| 325 | 1488 | 487 | 5746 | 5888 | 795 | 5635 | 1313| 989
140 1.026| 144C (7608 | 357 | 1483 | 482 | 6064 | 6217 | 802 | 5944 | 1520 983
141 1.025]| 1455 (7606 | 380 | 1490 | 484 | 6043 | 6192 | 804 | 5924 | 1328| 993
142 1.025]| 1455 [7606 1130 | 1492 | 488 | 6428 | 6567 | 820 | 6295 | 1545|1157
143 {1.025(| 144" |7606 1668 | 1483 | 486G | 6672 | 6800 {824 | 6532 | 17141283
144 1.025| 1453 (7606 (1948 | 21490 | 489 | 6780 | 53802 | 831 [ 6635 | 1820|1376
145 1.025{ 1452|7606 (2115 | 1489 | 488 | 6865 | 6988 | 852 | 6717 | 1875(1417
145 1.025{ 1454 |7806| 366 | 1491 | 488 | 6251 | 6411 | 824 | 6132 | 1358|1008
147 1.023| 1457 {7806 (1353 | 1490 | 494 | €699 | 6836 | 844 | 6558 | 1625|1217
148 1.025| 1452|7806 (2021 { 1489 | 494 | 7033 | 7164 | 855 | 6888 | 1835{1373
149 1.025| 1454 |7806|2275 | 1491 | 484 | 7277 | 7405 | 843 | 7120 | 1869|1413
150 1.026( 1446 (7806 (2275 [ 1484 | 485 { 7181 | 7307 | 845 | 7024 | 1813|1433
151 1.025| 1453|7806 {2297 | 1490 | 48¢ | 7272 | 7404 | 842 | 7118 | 1889|1415
152 1.026| 1450|7806 (2463 | 1488 | 4593 | 7245 | 7368 {856 | 7086 | 1982|1494
153 1.026{1451 (8006 | 460 | 1489 | 488 | 6555 { 6716 | 841 | 6425 | 1385|1028
154 1.026| 1448 {8006 1387 | 1486 | 493 | 6965 | 7115 | 859 | 6826 | 1846]1221
155 1.027]| 1448 |8006 [2538 | 1487 | 492 | 7529 | 7659 | 871 | 7368 | 1990|1484
156 1.027) 1451 [8006 |2741 | 1490 | 492 | 7674 | 7807 | 875 | 7607 1536
157}30,000 [1.025| 6287205 272 | 644 | 452 | 2726 | 2790 | 758 | 2671 | 1317} 975
158 1.024| 627|7205| 599 | 642 | 435 [ 2877 | 2933 | 747 | 2815 | 1522]1131
159 1.024| 627|7205| 834 | 642 | 434 ;2980 | 3033 | 754 | 2918 | 1685]1258
150 1.025| 631|7205| 895 | 647 | 435 | 3035 | 3082 | 756 | 2967 | 1744|1213
181 1.026| 627|7205| 957 | 643 | 435 | 3018 | 3069 [ 759 | 2853 | 1779|1338
182 1.026| 624 {76068| 357 | 640 | 435 | 2935 | 3000 | 768 | 2873 | 1393|1024
153 1.026| 625|7606| 820 | 641 |435 [ 3204 | 3265 | 780 | 3134 | 1653|1213
164 1.026| 6277606 (106G | 643 | 435 | 3330 | 3386 | 789 | 3255 | 1822)|1350
165 1.024| 627 (760612120 | 642 | 436 | 3343 | 3400 | 791 | 5268 | 1871|1392
166 1.026| 62776051211 | 643 |436 | 3390 | 3445 | 796 | 3314 | 1954)1456
167 1.025| 629 |7806| 283 | 645 |[437 | 3002 [ 3071 | 785 | 2956 | 1385(1022
168 1.025 630(7806| 768 | 646 |437 3291 | 3356 | 796 | 3222 | 1629|1185
159 1.024| 6267806 (1105 | 641 |[437 3451 } 3510 | 806 | 3374 | 1836[1350
170 1.027| 626|7806|1198 |~ 643 437 | 3506 | 3564 | 809 | 3429 | 1915|1412
171 1.027| 627{7806(1270 | 644 |[439 | 3551 | 5608 | 816 | 3469 | 1968|1475
172 1.026| 625{8006] 302 | 641 436 3113 | 5160 | 798 | 3024 | 1452(1045
173 1.025| 628({8006| 845 | 644 |[437 | 3391 | 3454 {808 | 3315 | 1693|1235
174 1.027| 624 !8006(1155 | 641 438 | 3539 | 3599 |818 | 3461 | 1871|1376
175 1.027|* 624 |8006 (1291 | 641 438 | 3631 | 3673 |822 | 3535 | 1975|1459
176 1.025| 6298006 [1359 ¢ 645 | 439 | 3689 | 3748 |850 | 3606 ! 2062[15635
177 (40,000 [1.025| 391 (7606 141 | 400 |438 (1777 | 1819 | 775 | 1758 | 1324 | 969
7 .028| 38917608 334 | 399 | 437 | 1889 | 1927 | 7683 | 1846 | 1557|1124
179 1.031{ 390 (7606 | 504 | 402 |[441 |1989 {2026 {794 | 1949 | 1742|1299
180 1.028} 39017606} 582 | 401 |436 | 2057 | 2092 {796 | 2008 | 1838{1373
181 1.023] 393 (8006 | 232 | 402 |[43% | 1887 | 2010 [805 | 1825 | 1514{1110
182 1.028| 3918006 472 | 402 |[436 {2145 | 2168 |817 | 2080 | 1733|1277
183 1.031| 394 (8006 671 { 406 (437 |2199 | 2239 (6822 | 2150 { 1875|1579
184 1.031| 389 (8008 | 683 | 401 |[435 |2192 | 2231 [819 | 2143 | 1900|1397
185 1.028] 391 |8006| 764 | 402 |[436 | 2286 | 2323 |823 | 2232 | 2052|1519
24-inch diameter tall pipe with 22-inch diameter exhaust nozzle

186 [10, 000 [1.026] 1445 [7508 | 1487 [ 485 [8202 | 6412 5148 [ 15111159
187 1.026{1446 [7606 {1475 | 1483 487 | 6547 [ 6670 [826 | 6406 | 1721|1303
188 1.025{1453 [7606 (1733 | 1490 ]488 | 6673 | 6791 | 850 | 6525 | 1810|1374
189 1.026|1451 [7608 (1918 | 1489 [489 | 6764 | 6883 | 834 | 6613 | 1804 {1433
180 1.028|1443 7808 | 881 (1481 | 484 | 6535 | 6675 |829 | 6423 | 1518]{1136
191 1.026]1452 [7806 1657 | 1490 [489 | 6915 | 7042 (644 | 6760 | 17521321
192 1.025)|1451 [7806 1977 | 1488 | 486 | 7105 | 7232 (845 | 6950 | 1864|1399
193 1.026| 1450 |7806 2265 | 1488 | 487 | 7234 | 7354 | 851 | 7069 | 1972|1488
194 1.026)1452 [8006 |2266 | 1490 |487 {7503 | 7631 [882 | 7336 (1941|1456
195 1.027|1454 (8006 (2266 | 1493 |499 | 7412 | 7533 | 880 | 7246 | 2019 {1529
196 1.027/1456 |8006 |2572 {1495 |493 | 7617 | 7737 (875 | 7441 7611570
197 [S0, 000 |1.028| B27 |7606| 471 | 643 |44l |3011 | 3076 | 778 | 2947 | 150G [1122
198 2.027| 628 (7608 830 | 645 [442 |3213 {3270 (789 | 3140 | 17401297
199 1.029| 6277608 989 | 645 |441 |3296 | 3353 | 795 | 3225 | 1855[1395

3calculated temperature. :
Determlned from alr flow caloulated at statlion 3.
CCorrected to NACA standard sea-level statlc conditions.

€522
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NACA BRM E51G25

_TURBINE-PROPELLER ENGINE - Continued
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24-inch diameter taill pipe with no exhaust nozzle
830 34.20|35.83(53.94|.0071| .992|.0430| 1.7768( 1.575| 7450 474|134

1210(33.77133.39|33.51|.0100( .972]|.0412] 1.944 | 1.882| 7457|1357 |155
1430|33.01{32.62|32.73].0120] .973|.0597| 2.105| 2.048| 7435|1888 |136
1520(32.941352.55|32.68].0128| .975(.0389| 2.1i5| 2.114| 7443|2089 |137
1810(|32.57|32.17|32.30].0137| .977| .0583| 2.155| 2.176| 7436|2285 |138
910{35.87|35.49|35.61.0070|1.003( .0430| 1.782| 1.656|7643| 476|139
870137.75|37.35|57.48].0071| .993|.0439| 1.784 | 1.646(7895| 529|140
985(37.50(57.12|37.25|.0073| .984(.0433| 1.799| 1.652]| 7872| 559 |141
1390!36.67(36.28|36.41).0105| .970(.0414| 1.957| 1.884|7849]1653 [142
1680(35.98(35.57|35.71{.0130| .978(.0394] 2.094| 2.080] 78572459 {143
1860(35.26|34.85|354.99(.0147]| .982|.0387} 2.189| 2.200} 783412850 [144
1950(35.21|34.80;354.94|.0155| .981].0588( 2.205| 2.254] 7849|310% |145
1015!38.35{37.96(38.09|.0074! .996|.0435| 1.744} 1.548[8056| 536 (146
1520{37.18({36.78|35.92|.0114| .983}.0407| 2.029] 1.925(8001;1970 (147
1910|36.53136.11|36.26|.0145] .980|.0385| 2.107] 2.151; 8001|2545 (148
2090137.17136.75|36.90|.0156| .974].0385] 2.227} 2.241) 80735342142
2100|36.41|36.00(36.15).0160] .971|.0387| 2.246| 2.264( 8071|3353 |150
2080(37.14136.72|36.87|.0156( .975]|.03838| 2.182} 2.243| 8079|3377 |151
2200|36.04|55.61(35.76{.0170| .978].0385] 2.293| 2.315| 8009|3594 1152
1105|39.58|%9.18|39.32(.0078| .990|.0435] 1.827] 1.559|8246| 673 {153
1580|38.46{36.04138.19]|.0114| .987].0406| 1.927] 1.916| 8214|2028 {154
2255137.38(36.96|57.12|.0168| .982}.0380| 2.238| 2.285|822213708 |155
2400137.41136.98]|37.14].0178| .981}.0384] 2. 2.3471 822215996 1156]
495]16.95(16.77|18.83].0081| .97G6j.0427| 1.8592) 1.782|7887| 979|157
650/16.51{15.34|1¢.40].0109[ .887|.0402| 2.107 | 2.057| 7868|2155 |158
800(16.18116.01118.07|.0137| .962{.0379] 2.170] 2.235| 7882|5007 159
850[16.14115.98(16.04|.0148| .957|.0373]| 2.347| 2.307| 7868(3201 |180
950115.86[15.70|15.76|.0166| .888|.0378{ 2.275| 2.344| 78683568 161
S45117.69117.53117.59!,0086!1.011| .0423| 1.954[ .1.814|830€{1289 162
800(17.58|17.41[17.48).0126| .980}.0401f 2.148| 2.119|8306}2956 |163
980(17.29|17.11[17.18}.0157] .951|.0387; 2.33%8| 2.309|8306.3831 |164
1010]17.11]16.95|17.00}.0164] .951|.0388| 2.316| 2.3565]|8298}4028 |165
1090(16.95|16.76[16.85).0179| .947|.0380| 2.382 | 2.455]8298 (4347 |166
570118.22(168.08{18.14{.0087| .957|.0375( 1.667| 1.762¢{8509|1012|167
785(18.20]18.03[18.10|.0120| .982].0389| 2.062| 2.046] 8509 (2743 |168
1030117.8%)17.66)17.73|.01680| .935].0388] 2.305)| 2.278{ 8509|3976 (169
1080{17.72|17.54(17.61|.0169] .953|.0379| 2.328| 2.367} 8509|4297 |170
1150{17.55(17.38]|17.45(.0182] .945].0385| 2.439| 2.436| 8485|4536 (171
590(18.31{18.17|18.23|.0090] .982]|.0430] 2.894| 1.794( 8735|1088 (172
870118.33(18.17|18.24].0132| .960{.0400| 2.180| 2.095| 872713027 [173
1060}18.10§17.935|18.00{.0163| .948].0383| 2.300)] 2.295|C719)4152 174
1170{17.94({17.76|17.684|.0181( .936[.0376| 3.286} 2.403|8719(4641 |175
240117.90(17.72117.80].0192| .950|.0374]| 2.3735} 2.484| 8703|4846 |17
290110.99[10.9C0]10.94[.0073[1.030] .0445] 1.929| 1.708[8283| 812|177
400(10.77({10.67[10.71}.0103|1.018| .0420] 2.132| 1.963]|8291]|1931 |178
535/10.61(10.51(10.55}.0140| .975|.0380; 2.081 | 2.194} 8255|2878 |17¢
600]10.62{10.51|10.55(.0157] .9€1|.0397| 2.371| 2.309| 8298|3351 |180
400111.31|11.22(11.26|.0098|1.010| .0423| 1.977| 1.881| 8787|1337 [181
5501{11.34(31.25111.,29).0135} .976]|.0410| 3.708} 2.121)8735]2711 182
660{11.2411.14{11.19(.0163] .943|.0398] 2.225| 2.281|8727(3812 (183
€40(11.13(11.02[11.07(.01l60} .986].03594| 2.256 | 2.320]| 8757|5946 (184
750(11.16}11.05]11.10{.0187} .956].0592| 2.459 | 2.469|8735[4388 {185
24-inch diameter tail pipe with 22-inch diameter exbauast nozzle

1300 |36.25[35.8635.99[.0100[ .980[.0£415] 2.046| 1.854|7865{1252 186
1650{35.23134.82(34.96].0130( .987[.0396] 2.1465 | 2.084|7849{2173 |187
1820|54.97 |54.46|34.580|.0145) .974|.0392] 2.254 | 2.181|7849|2539 ]138
1940134 .56 |34.15|34.29|.01568| .978|.0392| 2.269| 2.25%] 7834|2805 |189
1350(37.76 |37.37|57.52[.0099| .977|.0378| 1.775} 1.831}8079]1303 (190
1780|36.77|56.57(56.51(.0134| .978]|.0401| 2.220 | 2.076]8040(2424 |191
1980(35.57 |36.15(36.30(.0150] .981|.0390| 2.220 | 2.206| 8064|2904 |192
2190 (36.04 |{35.61|35.76|.0169| .973]|.0388| 2.375:| 2.317| 8056|3325 |193
2190137.72|37.30|37.461.0161F .979).0387| 2.305 | 2.252| 82623320194
2255 [36.45 |56.04[36.191.0172| .978].0381| 2.372] 2.294[ 81663274 (195
2410(36.90 |36.47|36.65]|.0181) .984|.038%) 2.467 | 2.373( 8214|3735 |196
630(17.57[17.22|17.28.0101 |1.014[.0419] 1.985 .936] 8246|1682 [197
865(17.12(16.94(17.01{.0140| .969(.0398( 2.281 | 2.205]|825812952 1198
980116.94116.79{16.6861.0160| .961|.0382( 2.246| 2.339/8246|3521 {198
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i NACA RM E51G25

snwsur o = rrectfURMANCE DATA POR PYTHON

201 1.026| 623|78068| S06 GZ9 | 443 | 5135 3200 | 796 | 3069 § 1567 1165
202 1.026( 625]|7808| BO1| 641 £42 | 3525 | 3385 | 804 | 3253 | 1778 | 1321
203 1.027, 623(78086|1037 640 | 443 |} 3408 5461 | 810 | 5328 | 1880 | 1404
204 1.027) 627)7008)1144 | 6&44 ] 444 | 3467 | 3525 | 915 | 3592 | 1974} 1485
205 1.024; 635|8006| 284 650 | 445 | 3124 5177 | 831 | 53041 | 1475] 1072
206 1.024| 633|8006| 321| 64B8| 447 | 3145 | 32135 | 804 { 3080 | 1479 | 1092
207 1.025) 629{8006]| 351 645 | 446 | 3141 3210 | 827 | 3071 | 1515| 1108
208 1.025| 6288006 484 644 | 444 | 3213 3279 ( 809 ) 3142 | 1555 1149
209 1.024] 629!8006} 799 644 ) 448 | 3557 3419 | 808 ) 3280 | 1719} 1274
210 1.027| 629{8006| 833 648} 444 | 3397 3460 | 819 | 3320 | 1755| 1299
ell 1.027| 627{8008| 995 644 | 445 | 3504 3568 | 625 | 3427 | 18685 | 1408
elz 1.025| 631{8006|1042 647 | 444 | 3544 5603 § 827 | 3462 | 1914 | 1427
213 1.025| 629]|8006)1055| 645| 440 | 3524 | 5581 ) 797 | 3441 | 1862 | 1415
234 1.025| 632|8006[1088 648 | 446 | 5587 3641 | 818 | 3502 | 1928 | 14486
216 1.027| 824)|8006|1133 641 441 | 5664 5718 | 829 | 3578 | 2054 | 1557
i2le 1.025| 630)|8006|1207 648 445 | 5625 3717 | 806 | 3576 | 2017 | 1556
1217 1.025| B311800611291 547| 448 135629 | 38 839 | 3841 121001 1579
T218140,000|1.026] 3897606| 2535 399 | 439 | 1847 1884 | 795 { 1805 | 1504 1104
219 1.025| 394)|7606| 459 404 ( 440 | 1885 2021 | 790 | 1541 | 1732| 1300
220 1.026| 390|7606| 4B5| 400| 444 | 1971 | 2007 } 625 | 1929 | 1740 | 1274
|221 1.023; 399|7606| 595 408 440 | 2058 2091 | 792 [ 2009 | 1857 | 1396
222 1.025) %98!7606| 67)| 408| 438 | 2106 | 2138 | 779 | 2057 | 1916 | 12453
223 1.028] 59418006 496 405 | 442 | 2126 2185 | 824 | 2077 |1782( 1318
224 1.025| 393{8006} 589 | 403 | 443 {2174 | 2204 | 828 | 2115 | 1871} 1389
225 1.025| 3¥95]8006| 654 405 | £43 | 2199 2238 ; 830 | 2146 | 1935 ] 1442
226 1.028| 39118006 764 | 402| 442 | 2260 | 2294 [ 833 | 2204 | 2058 | 1536
24-inch diameter tal) pipé with 20-inch diemeter exhsust nozzle

227[10,00011.026} 14487606 748 ] 1485 487 | 6254 | 6395 | 817 | 6127 | 1507 | 1139
228 1.026[1449 |7606 (1377 | 1486 | 486 | 6603 6732 | 825 | 6464 | 1695 | 1282
223 1,026) 144876061603 | 1486 | 486 | 6681 | 6803 | 828 | 6536 | 16882 [ 1360
230 1.025) 1450|7606 (1727 j 1486 | 489 | 5744 | 6889 | 835 | 6600 | 1840 | 1409
231 1.026| 1448 [7806] 847 | 1485 | 486 [ 6612 | 6757 | 8%4 [6478 | 1540} 1157
252 1.026| 1450|7806 |1585 | 1487 | 487 | 7012 7147 | 845 | 6884 | 1772 | 1341
233 1.026| 1447|7806 16168 | 1485 | 483 | 7050 7184 | 841 [ &900 | 1755 1329
234 1.025] 1451|7806 |16889 | 1487 | 490 | 7120 7250 | 852 | 6961 | 1885 ] 1429
235 1.025[ 1451 {78086 (2053 | 1488 | 488 [ 7207 | 7353 [ 654 | 7047 | 1932 | 1464
23§ 1.026] 1450|8006 | 909 | 1487 | 483 | 6910 7083 | 844 | 6770 | 1570 | 1173
1237 1.025| 1455 [8006 |1801 | 1492 | 488 | 7358 7495 {882 | 7200 | 1841 1589
JL. 1487 @ 432 745_%__ 7 1871 {730) |1956 | 1478
39[30,000](1. 832 {7606 | 389 648 | 441 |302 3089 | 777 | 2973 | 1500 | 1133
240 1.027| 829 (7606 | 504 646 | 445 | 3055 5116 [ 784 }2991 1575 [ 1178
241 1.027} 629 [7606| 748 | 646 | 444 [ 3180 | 5247 | 790 [ 3120 |1746} 1307
242 1.0241 632 (7606 803 847 | 459 [ 3244 5302 | 787 | 3177 [ 1757} 1319
243 1.025| 6287606 915 | 644 | 442 | 3267 | 3524 | 794 | 3207 | 1858 ) 1399
244 1.025| 8307606, 935 646 | 442 3294 3351 | 794 | 3228 | 1857 | 1404
245 1.025] 52978081011 | 645 | 443 |3303 | 3562 (798 {3229 } 1943 1469
245 1.026| 629 |7806; 390 645 | 444 | 3097 5185 | 796 13040 71528 ) 1149
et 1.026] 627 (7806 483 | 643 | 439 3165 | 3224 | 795 |3098 | 1559 1168
248 1.026] 626 |7806| 835 | 642 | 442 |[3331 | 3390 ;807 |32680 |1794 | 1538
249 1.025| 6327806, 847 | 848 | 443 3381 | 3443 | 805 |3309 |1781 ; 1533
250 1.027| 624 (7806 982 | 641 | 438 |3428 | 5485 | 806 |3552 |186% | 1397
251 1.025{ 628 [7808 (1026 | 644 | 445 [3445 | 3502 (813 |3%72 | 1927 | 1449
252 1.025| 629 |7806 |1094 | 645 | 441 |35482 |[3538 | 815 [3400 {1969 | 1482
253 1.025| 630 8006 | 351 | €46 | 445 [3182 | 35251 {810 |3119 1546 ( 11680
254 1.026| 626 (8006 518 842 | 445 {35264 3331 | 816 |5186 |1637 | 1220
255 1.025| 6321|8006 | 903 | 648 | 445 3483 |[3555 [821 {3421 [1844 | 1379
258 1.026) 635 {8006 | 903 841 | 441 | 3468 3531 [825 3380 |1860| 1383
257 1.025| 528 (8006 [1110 | 844 | 444 [3585 | 3654 {832 [3514 |1589 | 1492
258 14057 6 11201 | 643 | 444 13645 3700 1834 |3574 [2054 | 1545
ﬁ@ [40,00011.030 760 437 408 | 438 12017 2053 T79C (1970 j1736 | 1303
260 1.028| 395 |7605 | 482 408 | 436 2051 2068 }796 |1985 |1815 | 1388
261 1.026| 392 (76061 560 | 402 | 439 [2043 [ 2078 1800 |1996 |1917 | 1453
262 1.028} 393 |7606 | 616 404 | 440 | 20886 2119 | 801 |2036 | 1966 | 1493
263 1.028| 391 |8006 | 412 402 | 4368 |2097 2127 | 817 [2039 (1727 | 1276
264 1.031| 389 8006 | 554 | 401 | 438 |2150 (2193 824 |2103 |1857 | 1381
G5 1.026| 391 |90OE | 683 401 | 437 (2247 2287 (832 |2188 |[2027 | 1522

—

7o, (°R)
Combustion-chamber-outlet

total

abm.)
’ T]_n (OR)
j 3

Combustion-chamber-inlet
static preasure, pp

P
(1b/sq Tt abas.)

|Compressdr-inlet total
%s.)
Compressor-inlet total

=
Ll
x
iy
&

pressure

3 |(1b/aq £t abs.

N

q ft a

el static preasure

m-pressure ratio
(1b/sq £t

1/Pg

essure,
Combustion-chamber-inlet

Run
Altltude
(rt)
Pg+
Engine speed, N
(rpm)
Shaft horsepower
1b/a
temperature
total pressure, Pa
{(1b/8q Tt abs.}
Combustion-chamber-inlet
total temperature,
Combustion-chamber-outlet
xhaust-nozzle-inlet
total temperature, Ts, (

ay
24 -inch dlameter tall pli h 22-inch d1aMetEr &¥ha
200|30,000(11.0268] 62476051054 640 | 442 | 3306 5359 | 798 | 5233 | 1927} 1451

E total temperature, T3, {°R)®

g

56 1.028| 392 18006 | 753 403 | 438 |2303 2336 | 832 |2250 |2092 | 1587

2calculated temperature.

bpetermined from air fiow celculated at station 3.
SCorrected to NACA ~tandard sea-level statlic conditions.
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NACA RM ES51G25 SRR
TURBINE-PROPELLER ENGINE — Concluded :
L@
e §
-~ = 5 4
© ) 4 o
© ] Q =
s |3 | &]s2 §eg o |3
a — a ) ] ) — |
=] L2 ) ~ - | T3 =N B g Q
" O~ _E‘v [ e) - O Lo =
I3 o la — P = | O o £
x -0 5 - | 21 a [ BL 5 =
o |[TTER|I32S £ 28 |25 8% |%.|%
= 2 O CRCE R R S8 g 8 18 G, 2
om | i= [nx [d -~ |imes aw jlo tga C
- - N o o BN £ P 5 uaN [vonaw =,§ o
x ) S~} 8 - ~ oo ooy o |G o | g,
o A | 2x TE I8 - |d5 [HES g2 |d ez | olo
Sg e |82 |88 | |88 BEs [CFs BT JUss|5
Al 25 |55 (A28 B8 |sud (ALY ES
5|24 845 H 18|54 [Be. ([scF |85 w88 |85|§8
Fo— | A= (] é = isa- O Q P IERA OV |On jO w | o
24-inch diameter tail pipe with 22-inch dlameter exhaust nozz
1015|12.67}16.48(16.55] .0169| .974| .0375|2.377 { 2.415|8238| 3778 {200
700{17.71}17.55(17.62] .0110| .988] .0409|2.015 | 1.969|8446| 1813 |201
900(|17.52{17.35}17.42| .0143] .982] .0380(2.129 | 2.211|8462| 3152 [202
31000|17.38]17.2117.28( .0160| .975) .0384|2.418 | 2.32] |8446| 3708 [203
1090[17.24)17.07}17.14|.0176| .971] .0377|2.285 | 2.422|6438| 4063 [204
595118.,13[17.98|18.04| .0091| .991| .0428(2.566 | 1.775|8646| 9981205
625118.35[18.19|18.26| .0095] .992| .0414}1.956 | 1.840|8622( 1129 1206
€25/18.07|17.91|17.98] .0096| 1.008| .0433[2.014 | 1.832[8838| 1243 |207
695|18.20{18.05|18.12{ .0106] .994| .0418{2.076 | 1.9228654( 1719 |208
875|17.99{17.82(17.89].0135| .962| .04Q7}!2.242 | 2.127}8614[ 2825 |209
890{18.00([17.84|17.91]|.0137| .980| .0405|2.222 | 2.143 (8654 2950 [210
1030117.85(17.88(17.75] .0160] .963] .0395)2.203 | 2.205}9646) 3531 |211
1050(17.91(17.74[17.81).0163| .975} .0391[2.390 | 2.314[8654] 3683 |212
1050(17.95|17.78}17.85|.0163| .971}.0391|2.456 | 2.361 |8685; 3752|213
1115)18.02}17.85117.92]|.0172| .946] .0382|2.574 | 2.357|8638) 3826 |214
1225117,.79§17.61|17.69(.0291} .948] .0377(2.593 | 2.478|8687] 4058 (215
1215{17.95(17.76[17.84[.0188} .950| .0379(2.712 | 2.502 |8646] 4270 |216
1225[17.40]17.22117.30] .0196] .960] .0388|2.630 | 2,503 |86141 4543
380110.65(10.55{10.60}.0094|1.053| .04350 (2.189 | 1.892|8268( 1458 [218
500(10.61110.51|10,55].0131}1.030( .0396(2.222 | 2.192|8260f 2611 {219
490[10.53|10.42[10.46{.0129;1.010( .0590[2.167 | 2.109|8222| 2659 [220
600|10.55]10.45}10.49| .0158| .973] .0392[2.485 | 2.345]8250| 3340 [221
660110,.63110.52]10.56({.0172; .861| .0379|2.531 | 2.450(8283| 3790 |222
575(11.16}11.07|11.11|.0143]1 .963].0407|2.256 | 2.163|8679} 2809 |223
630}11.06}10.96711.01) .0158] .958; .0404&]2.967 | 2.260[8870Q) 3350 224
665111.03110.83(10.98].0167]| .968{ .0411|2.359 | 2.331[8670] 3701 {225
750{10.94|10.85|10.88[.0190| .952(.0392]|2.547 | 2.471|8679{ 4359 |226
24-1nch diemeter tail pipe with 20-inch diameter exhaust nozzle
1280}36.20(|35.80]35.93|.0088| .982|.0416}1.914 } 1.845]7848| 1100|227
1655 (25.81(35.40(35.54|.0128| .972|.0358)2.078 | 2.055}7857| 2026 228
31790}34,.25)|33.84|33.98|.0145] .953).0392]2.18% | 2.273{7857| 2558|229
1890]34.96|34.55|34.59(.0159] .974|.0392[2.152 | 2.204 | 7834| 2534 |230
1337 |37.62|37.42(37.55(.0102| .974|.0413|1.924.} 1.847|8064| 1247 {231
1820 137.11[36.6935.84]:0136| .983|.0396|2.095 | 2.097|8056| 2328 {252
1820(37.501537.08,57.23;.0135| .982|.0395|2.118 | 2.087|8095| 2391 |235
2010|35.38{35.98|35.11}.0153| .981}.0399 |2.223 | 2.212[8052[ 2735 |234
2120(36.35(35.95|36.08].0162} - .972} .0390 |2.270 | 2.262 |8056( 2986 |235
1450(39.11{38.72(38.86(.0104| .999|.0415[1.915 | 1.860{83502| 1342 {236
1990 |38.10(37.69 |37.84}.0145]| .982|.0394 [2.153 | 2.1356}8232) 2635 |237
2180137,40136,88137.141.0162] .802].0533Q12.176 [ 2.246 3037 1258
€80]17.52(17.39|17.45].0108| .943(.0375)1.731 | 1.951}8253| 1307 (239
580117.23117.07(17.13|.011] | .3958|.0401 [2.048 | 2.005[8214]| 1783 |240
850 |1€.98116.80116.87}.0139| .975|.039]1 |2.228 | 2.210|8222| 2649 |241
ARN117,.20117.0517.12}.0142| .977(.0379[2.155 | 2.235|8258| 2854 [242
$565(15.86[16.68|16.75[.0157} .976].0352 |2.053 | 2.340 |8245(| 3252 [243
€70115.95(16.80|16.87].0158| .974].0373 [2.193 | 2.339 [8245| 3320 |244
1025 |13.57(16.39|16.46|.0172| .987].0396 [2.254 | 2.432|8257| 3592 |245
66517.77117.63(17.70(.0104| .997}.0395[1.838 | 1.920 8438} 1583 {246
710|17.92|17.76[17.83|.0110] .985|.0391 |2.136 | 1.966;8485]1728 {247
210117.47|17.30{17.37[.0145| .9681}.0384 {2.203 2.225f8462 2983 |248
825 117.78|17.63)17.70}.0144 | .2872}.0389 |2.16]1 | 2.212 8446|2992 |248
1000(17.56|17.59|17.46].0158 | .972|.0382 |2.254 | 2.519|8501| 3530 |250
1059 117.35117.20 |17.27[.0168] .258].0371 |2.281 | 2.370 |8430| 3641 [251
1050 |17.5117.14|17.21 |.0175] .968].0390 |2.464 | 2.416 |8470|3885 |252
685118.11|17.97 |18.04 |.0105{ .992(.0406 |1.913 | 1.909 |8646(| 1242 [253
735(18.00117.85[17.92|.0118| .987.0405|2.015 [ 2.006 |8545]|1848 [254
88t |18.05(|17.90 [17.87{.0152 | .877[.0377 (2.16]1 | 2.245 |8646| 3184 {255
985 117.80({17.64 {17.71({.0154| .973}{.0399 |2.238 | 2.255 (86873235 [256
113017.78|17.81|17.58 [.0177} .964 [.0383 |2.373 | 2.391 |8654| 3943 {257
200 117,78 17.60417.58 20387 .963]|,0341[2.29]1 : 2.46% [8654[4273 1258
530 |10.74 {10.64 119.68{.0137 | .985 .04 2.305 | 2.197 18298) 2473 |25%
530 (10.56 [10.48 |10.50 [.0147 | .992 | 0401 [2.243 | 2.283 [8298) 2741 |260
€10 [19.31 [10.2]1 [10.25 |.0164 | .987 }.0385 |2.343 | 2.396 [82568) 3204 {261
"l 250 (10.38 [10.27 (10.31(.0174 | .977|.0392 [2.515 | 2.454 [8260] 3498 |262
520(11.14 |11.06 [11.10|.0130 |1.001 |.0414 t2.933 | 2.114{8735|23686 |263
aN5111.04 {10.95 |10.99[.0152 | .9 .0410 |2.093 | 2.254 |8719| 3184 |264
720111.0210.91 |10.96[.0181 | .971|.0388|2.225 | 2.436 8727|3829 |265
785111.08110.96{11.011.0197 | .956}.03568 |2.606 | 2.514 |8719| 43505 |265
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Station 3,

- turbire inlet
' Station 1, !

Station 2, cowl inlet |
canbustion- i 1
¢ , dnlet i l Station 5,

| ' exhaugt~

h | nozzle inlet

A - = !

7

KUH“ W

Figure 2. - Cross section of Python turhine-propeller engine showing instrumentation atatioma.
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Figure 3. - Cut-sway sketeh of combustion chember.
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(a) 8ide view of combustion-chamber outer shell,

Figure 4. - Cambustion chamber.
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Alr entrance o
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Muin fuel-
n~zzie entracee

Starting fuel-
nozzle entrance
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Primary air

(b) 8Side view of cowbustion-chamber liner and liner dcme,

Figure 4. - Coptinued. Combustion chamber.
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(e} Pront viaw of combustion charber liner showing fuel veporizer,

Figure 4. - Concluded,

Combustion chamber,

Main imel-nozzle
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JI— NACA RM E51G25

O Total-pressure tube

@ Static-pressure tube
or wall orifice

X Thermocouple

(a) Cowl inlet, station 1, 8 inches downstream of tip of cowling.
Dovnstream view.

Figure 5. - Locatlon of instrumentation.

e€8ee



— e

NACA RM E51G25 -

‘© Total-pressure tube
® Static-pressure wasll orifice
Thermocouple

(b) Combustion-chamber inlet, station 2 3 31—‘ inches upstream of

combustion-chamber-inlet flange. Downstream view.

Figure 5. - Continued. Location of instrumentation.
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NACA RM E51G25

A s e

O Total-pressure tube

(c) Turbine inlet, station 3, 3 inches upstream of turbine flange.
Downstream view.

Figure 5.

- Continued.

Location of instrumentation.
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NACA RM E51G25 g

O Total-pressure tube

® Statlc-pressure tube
or wall orifice
X Thermocouple

Lo I

(d) Exhaust-nozzle inlet, station 5, 5% inches upstream of
nozzle-inlet flange.

Pigure 5. - Concluded.

Loecation of instrumentation.
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o NACA RM E51G25

b0

8
G
g

Corrected engine speed, NVr'VeJ_

(rpm)

8296
8071
7868
7642
7423
7006

4hpOOo

(a) Altitude, 10,000 feet.

g
5

O 8572
0O 8339
4 A £ 8109

A 7830
A4 7687
v 7272

v ““‘43€55Lt> o o
(o} 0

0
O

(b) Altitude, 20,000 feet.

Combustion efficiency, U™

8706
8507
8265
8073
7862
7401

1.00

v 4
A4 1
¥ & o Ge—4a &

)

.90

n‘e[ 4bp OO0

d

=Y a—

{c) Altitude, 30,000 feet.

é

1.00

sHp— % |

T-M =

O 8685
O 8517
& 8269
A 8021

.90

J t QP

12

20 0 88 TTTTTTTTEmET UTTTTG44LT
Corrected shaft horsepower, shp/&,~/67

(d} Altitude, 40,000 feet.

3ERIO® -

Figure 6. - Effect of corrected shaft horsepower and engine speed on combustion
efficiency of engine with standard tail pipe at simulaeted altitudes of 10,000,
20,000, 30,000, and 40,000 feet.
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Corrected englne speed, N/4/8y, (rpm)
O 8296 A 7642
O 8071 4 7423
.90 O 7868 ¥ 7006

1.004

(a) Altitude, 10,000 feet.

O 8572 A 7930
O 8339 4 7687
< 8109 v 7272

—OV"T- —™ O " s

©
O

{b) Altitude, 20,000 feet.

O 8706 A 8073
3 8507 4 7862
$ 8265 ¥ 7401

Combustlon efficiency, T

[
3
o <4
Q

R A a A .

(e) Altitude, 30,000 feet.

O 8685 < 8269
O 8517 A 8021
1.00 15|

R4 |

B0 oP

.90
.007 .009 011 .013 .015 .017 .019
: Fuel-gir ratio, f/a

(d) Altitude, 40,000 feet.
Figure 7. - Effect of fuel-air ratio and engine speed on combustion efficilency

of engine with stenderd teil pipe at simulated altitudes of 10,000, 20,000,
30,000, and 40,000 feet.
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NACA RM E51G25

——==-20,000
—=—30,000
e = —— 40,000

Altitude

(£t)
10,000 .

1.00
— e
———ree e ] e L
B —_____::- e —t———
vl T -
2 .90
4 12 20 28 36 44
b
g Corrected shaft horsepower, shp/8,A/6,
o
[4]
Ll
o
o
Q
g
S
i
P
w
5
8
S 1.00 —
B B T vl vy —
.90 L :
007 .009 .011 .013 . .015 017 019
Fuel-alr ratio, f/a B

Figure 8. - Effect of corrected shaft horsepower, fuel-air ratio, and altitude on
combustion efficlency of englne with standard tall pipe.



Fuel-alr ratio, f/;
Q 0.007 to 0,011

] .011 to .015

o J) A 015 to .019
1.00 n‘u‘)O@ o an&n 000 2 o
E—“U—__—() o N r u%
I e o|” 4F 1
A -

w0
o

|

g

Vaporizing combustor
e —~——~~(onventlonsl atomizing
I pa - conbus tors

Combustion sfficlency, T,
N\
)
Ul
\
\

———)
-h\_

e ==

.80
| P
i
.70 / l I - ' . | ‘ |
60 70 80 - a0a0d

0 10 20 30 40 50
; Dgta/Vye, (1b)(sec)(OR)/cu £t

{b) Compariscn cf vaporieing combustor with conventional stomlizing combustora.

Figure 9, - Variation of -combustion efficlency with Dppta/V, for vaporlzing combustor on turbine-propeller englne and
for several atomlzing combustors used on turbojet englnes.
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Figure 10. - Effect of corrected shaft horsepower and exhaust-nozzle diameter
on combustion efficiency of engine with 24-inch-diesmeter tsil pipe at simu-

lated altitudes of 10,000 and 30,000 feet.
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Figure 11. - Effect of corrected shaft horsepower and engine speed on combustion-
chamber total-pressure-loss retic of engine with standard taill pipe at simulated
eltitudes of 10,000, 20,000, 30,000, and 40,000 feet.
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Figure 12. - Effect of corrected shaft horsepower and altitude. on combustion-
chamber total-pressure-loss. ratio of engine with standard tail pipe.
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Flgure 13. - Effect of corrected shaft horsepower and exhaust-nozzle diameter
on combustion-chamber totsl-pressure-loss ratio cf engine with' 24-inch-
dismeter tail pipe at simulated altitudes of 10,000 and 30,000 feet.
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Figure l4. - Effect of combustion-chamber temperature retio on the ratio of
combustlion-chamber totel-pressure loss to combustion-chamber-inlet impact
pressure for various eltitudes and exhaust-nozzle diameters.
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